The Effects on the catalytic activity of the differences in the preparation methods of hydrodesulfurization catalysts for residual fuel was studied. From the experimental results, the following conclusions were obtained.
Introduction
There are many papers which deal with hydrodesulfurization catalysts for distillates and/or residue, and many studies or patents on manufacturing methods of supports, components and weights of the supported metals are published. But very few of them have reported in detail the manufacturing methods of catalysts in connection with their quality and activity. 
Experimentals

Feed Oils
The feed materials were the residual fuels obtained from Khafji and Kuwait crudes by atmospheric distillation. Their properties were shown in a previous report.
Bomb hydrogen was up-pressured by compressor and used. Table 1 Comparison of Preparation Methods two stage impregnation method, KS-44 showed inferior activity and was 14% lower than the others in sulfur removal. This might come from the fact that KS-24 and -41 were supported with molybdenum first, and than with nickel, while KS-44 was prepared vice versa. Accordingly, the first loading of molybdenum in the case of two stage impregnation seems preferable. Catalysts KS-109, -108 prepared by the sulfur removal than that of KS-79 prepared by one stage impregnation. Fig. 1 shows a comparison of the pore size distribution of the catalysts prepared by co-kneading and one stage impregnation.
As seen in this figure, in the case of one stage impregnation, pores are distributed over a wide range; on the other hand, in the case of co-kneading method, many small pores 200 to 320m2/g. Thus, the activity of the catalyst is expected to be clearly different depending on the method used in its preparation.
Provided that the reasons are divided into physical and chemical, the chemical factors seem to be controlling.
There exists supposedly no large difference in the physical properties between the catalysts prepared by one stage impregnation and by two stage impregnation, but the difference seems to exist in the chemical combination of alumina and metals.
Also by use of the cokneading method, special features are found in the physical structure, as shown in Fig. 1 It is well known that as the calcining temperature rises sintering occurs, and the specific surface area and pore volume decrease. For instance, in case of KS-82, the specific surface area decreased to 143m2/g from 191m2/g, and the pore volume decreased to 0.365ml/g from 0.559ml/g. This is an adverse effect on the physical properties. However, the sulfur removal In the following, we investigated the effects Table 2 the activity and physical properties of the catalysts, and in Fig. 7 part of the results on the pore size distribution are shown, respectively. As seen in Table 2 , the sulfur removal showed a nearly constant level of about 69% from 2 hours to 16 hours of calcination, but decreased slightly to 65.4% after 20 hours of calcination. While, the specific surface area decreased from 167 m2/g to 105m2/g, the pore volume decreased from 0.338ml/g to 0.268ml/g, respectively with time of calcination. Therefore, calcination for a long period of time is considered undesirable. In Fig. 7 , it is observed that the number of small that of large pores apparently increased.
3. Methods to increase the specific surface area, pore volume and mean pore diameter by adding aqueous solution of organic polymer such as carbowax and methocel to the catalyst support, have been studied by D. Basmadjian and D. S. Montgomery1). In the desulfurization of residual fuel, the porous supports with large pore size is con- In Fig. 8 and Table 3 , the results on the catalytic activity and physical properties are shown. As seen in Fig. 8 , the activity of the catalyst to which carbowax 4000 and avicel were added, is improved.
However, the addition of an excess amount results in a lowering of the activity. The optimum amount of additives is dependent on the support, but this fact cannot be considered as without exception. For instance, support MBF-4 shows the highest activity when 5% of carbowax is added and shows a lower activity when 10% of carbowax is added. While in case of support MBC-1, when 10% of carbowax 4000 is added, the activity becomes the highest and the addition of 20% causes a lowering of the activity. As to the physical properties, a significant change is not observed, except a little increase in the pore Inoguchi, Mizutori, Tate, Satomi, Inaba, Kaneko, Nishiyama, Kagaya, Onishi and Nagai: The results are as follows; with dimethyl yellow (pKa=+3.3) as indicator, the acidity of catalyst is measured as 0.244meq/g when there is no addition, and 0.221meq/g when there is addition; with benzeneazodiphenylamine (pKa=+1.5) in the same way, 0.194meq/g in the case of addition and 0.226meq/g in case of no addition. As observed in the above, acidity decreases when magnesia is added. Therefore, the addition of alkali or alkaline metal oxide is suggested to be effective for preventing carbonaceous deposit on the catalyst; further study, however, is necessary to make clear whether it is associated with the improvement of activity. In the case where the ratio of MoO3/NiO is fixed, 15 wt% of MoO3 and 5 wt% of NiO are the optimum amounts and brought about the highest activity. Next, in the case where the amount of MoO3 is fixed and the amount of NiO is increased, the activity becomes highest at the amount of NiO of about 6 wt%. The ratio of MoO3/NiO at this point is 2, which does not exactly agree with the ratio 3 as observed. Yet, according to the study on the desulfurization catalysts of light oil by Beuther2), etc., it is reported that the highest activity has obtained at the ratio of 2 for MoO3/NiO, which is in good agreement with our ratio obtained. In both cases, the appropriate amount of supported metals is estimated to be within the limits of from 2 to 3 in the ratio of Mo03/NiO and 12 to 15 wt% in the amount of MoO3 and 4 to 5 wt% in the amount of NiO. 4 Conclusion (1) As to the metal supporting methods, two stage impregnation in which molybdenum was supported first showed the best quality, and the activity did not depend on whether the impregnation was carried out at atmospheric pressure or reduced pressure.
(2) The optimum temperature of calcination was dependent on the kinds of the supIt was important to limit the time of calcination so as not to give any adverse effect on the physical structure.
(3) The addition of such organic polymers as carbowax 4000 and avicel contributed to the improvement of activity. However, if they were added in an excess amount, a lowering of activity, was observed.
(4) The addition of palladium and chromium reduced the activity while the addition of magnesia improved the activity.
(5) The optimum amount of supported metals was estimated as follows: the ratio of MoO3/ NiO=2 to 3, the amount of MoO3 12 to 15 wt%, the amount of NiO 4 to 5 wt%.
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